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Abstrat
We study the indiret detetion of neutralino dark matter using positrons and gamma rays
from its annihilation in the galati halo. Considering the HESS data as the spetrum on-
stituting the gammaray bakground, we ompare the prospets for the experiments GLAST
and PAMELA in a general supergravity framework with nonuniversal salar and gaugino
masses. We show that with a boost fator of about 10, PAMELA will be ompetitive with
GLAST for typial NFW uspy proles.
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2
1 Introdution
The existene of dark matter in the Universe is generally aepted by the sienti ommu-
nity, though its nature is still unknown. One of the most popular andidates, the lightest
neutralino, appears naturally in supersymmetri (SUSY) extensions of the standard model.
It has long been thought that dark matter partiles ould be observed indiretly by detet-
ing the produts of their annihilations. Suh produts inlude gamma-rays, neutrinos and
antimatter. Atually, many experiments have been performed or are planned in order to
detet indiretly (or diretly) the presene of suh partiles in the galati halo [1℄. For ex-
ample, highenergy positron exess in the osmi rays provides an opportunity to searh for
the dark matter signal. These uxes will be measured with unpreedented auray by the
present spae-based experiment PAMELA (Payload for AntimatterMatter Exploration and
Lightnulei Astrophysis [2℄), and also by future experiments like AMS-02 (Alpha Magneti
Spetrometer [3℄), designed to be deployed in the International Spae Station around 200910.
The preision measurements of the osmi positron spetrum to be provided by PAMELA will
be very important to identify signatures of dark matter in our Galaxy.
On the other hand, the gammaray data, riher than the osmi partile data, also give us
exiting expetations. The gammaray detetion experiments have the advantage of being able
to searh for point soures of annihilation radiation. In partiular, the enter of our Galaxy,
given its dark matter density, is one of the most promising soures of diuse gamma-rays
from dark matter annihilation. In addition to the ontroversial EGRET data [4℄, atmospheri
Cerenkov telesopes like HESS [5℄ and MAGIC [6℄ have observed reently a very bright soure
in this diretion. Atually, HESS was able to measure in detail the gammaray spetrum.
Although tting the data with a reasonable SUSY model seems quite diult, one an use
them as the astrophysial bakground for gamma-ray detetion [7℄. Sheduled to begin its
ve years mission in 2007, GLAST (gammaray Large Area Spae Telesope [8℄) will be the
most sensitive gammaray telesope in the energy range of interest (1− 300 GeV).
Both spae-based experiments, PAMELA and GLAST, will provide us their rst results
around 2009 (before the LHC data). The aim of this work is to ompare the detetion
prospets of these two experiments in the framework of supergravity (SUGRA) models, taking
into aount the dierent astrophysial unertainties: boost fator and halo density prole.
In partiular, the eet of lumps in the galati halo may inrease substantially the positron
uxes, and this is parameterised by the so-alled boost fator. Likewise, uspy halo proles
may also give rise to larger gammaray uxes. Let us nally remark that although antiproton
uxes may be in priniple as ompetitive as the positron ones, we prefer to arry out the
analysis of antiprotons in detail in a future work [9℄.
The paper is organized then as follows. In setion 2 we will review the neutralino hara-
teristis as a dark matter andidate in SUGRA models. In setion 3 we will reall the main
features of the positron propagation and detetion in the light of the PAMELA experiment.
Setion 4 will be devoted to gammarays detetion and GLAST prospets. In Setion 5 we
will ompare in detail these two detetion modes. Finally, the onlusions are left for setion
6.
2 Neutralino dark matter
For the omputation of the positron and gammaray uxes it is ruial to evaluate the
neutralino annihilation ross setion. Of ourse, for determining this value the theoretial
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Figure 1: Dominant neutralino annihilation diagrams. Relevant parts of the amplitudes are shown expliitly Terms
between parenthesis orrespond to fu and Z nal states in seond and fourth diagrams. V and Z are hargino and
neutralino mixing matries.
framework must be established. In partiular, we will work in the ontext of the minimal
supersymmetri standard model (MSSM). Let us reall that in this framework there are four
neutralinos, χ˜0i (i = 1, 2, 3, 4), sine they are the physial superpositions of the fermioni
partners of the neutral eletroweak gauge bosons, alled bino (B˜0) and wino (W˜ 03 ), and of
the fermioni partners of the neutral Higgs bosons, alled Higgsinos (H˜0u, H˜
0
d). Thus one an
express the lightest neutralino as
χ˜01 = Z11B˜
0 + Z12W˜
0
3 + Z13H˜
0
d + Z14H˜
0
u . (2.1)
It is ommonly dened that χ˜01 is mostly gaugino-like if P ≡ |Z11|2+|Z12|2 > 0.9, Higgsino-like
if P < 0.1, and mixed otherwise.
In gure 1 we show the relevant Feynman diagrams ontributing to neutralino annihilation.
As was remarked e.g. in Refs. [10, 11℄, the annihilation ross setion an be signiantly
enhaned depending on the SUSY model under onsideration. We will onentrate here on
the SUGRA senario, where the soft terms are determined at the uniation sale, MGUT ≈
2×1016 GeV, after SUSY breaking, and radiative eletroweak symmetry breaking is imposed.
2.1 Supergravity models
Let us disuss rst the minimal supergravity (mSUGRA) senario, where the soft terms of
the MSSM are assumed to be universal at MGUT . Reall that in mSUGRA one has only four
free parameters: the soft salar mass m, the soft gaugino mass M , the soft trilinear oupling
A, and the ratio of the Higgs vauum expetation values, tan β = 〈H0u〉/〈H0d 〉. In addition,
the sign of the Higgsino mass parameter, µ, remains also undetermined by the minimization
of the Higgs potential.
Sine in this senario the lightest neutralino χ˜01 is mainly bino, only Z11 is large and then
the ontribution of diagrams in Fig. 1 will be generially small, the rst being suppressed by
f˜ masses. As a onsequene, for example to reprodue in mSUGRA the present experimental
aesible regions (EGRET data) is not possible [12℄ for a typial halo model.
However, as disussed in detail in Ref. [10, 12℄ in the ontext of indiret detetion, the
annihilation ross setion an be inreased in dierent ways when the struture of mSUGRA
for the soft terms is abandoned. In partiular, it is possible to enhane the annihilation
hannels involving the exhange of the CP-odd Higgs, A, by reduing the Higgs mass. In
addition, it is also possible to inrease the Higgsino omponents of the lightest neutralino
Z13,14. Thus annihilation hannels through Higgs exhange beome more important than in
mSUGRA. This is also the ase for Z, χ±1 , and χ˜
0
1-exhange hannels. As a onsequene,
positron and gammaray uxes will be inreased.
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In partiular, the most important eets are produed by the non-universality of Higgs
and gaugino masses. These an be parameterised, at MGUT , as follows
m2Hd = m
2(1 + δ1) , m
2
Hu = m
2(1 + δ2) , (2.2)
and
M1 =M , M2 =M(1 + δ
′
2) , M3 =M(1 + δ
′
3) . (2.3)
We will onentrate in our analysis on the following representative ases:
a) δ1 = 0 , δ2 = 0 , δ
′
2,3 = 0 ,
b) δ1 = 0 , δ2 = 1 , δ
′
2,3 = 0 ,
c) δ1 = −1 , δ2 = 0 , δ′2,3 = 0 ,
d) δ1 = −1 , δ2 = 1 , δ′2,3 = 0 ,
e) δ1,2 = 0 , δ
′
2 = 0 , δ
′
3 = −0.5 ,
f) δ1,2 = 0 , δ
′
2 = −0.5 , δ′3 = 0 . (2.4)
Case a) orresponds to mSUGRA with universal soft terms, ases b), ) and d) orrespond
to non-universal Higgs masses, and nally ases e) and f) to non-universal gaugino masses.
The ases b), ), d), and e) were disussed in Ref. [10℄, and are known to produe gammaray
uxes larger than in mSUGRA, whereas ase f) enhanes eiently annihilation proesses
beause of the pure wino nature of the LSP.
Let us remark that for the evaluation of the gammaray uxes and the positron uxes
at prodution we use the last DarkSusy released version [13℄. Conerning the omputation
of the uxes observed in the solar neighborhood in the ase of adiabatially ompressed ha-
los we use our own ode. To solve the renormalization group equations (RGEs) for the soft
SUSY-breaking terms between MGUT and the eletroweak sale, we use the Fortran pakage
SUSPECT [14℄. Conerning the positron spetrum observed by PAMELA, we use the anni-
hilation ross setion given by DarkSusy at the soure, but solve ourselves the propagation
equation and alulation of the ux measured on the Earth.
2.2 Experimental and astrophysial onstraints
We have taken into aount in the omputation several experimental and astrophysial bounds.
These may produe important onstraints on the parameter spae of SUGRA models, restrit-
ing therefore the regions where the gammaray and positron uxes have to be analyzed.
In partiular, onerning the astrophysial onstraints, the bounds 0.1 <∼ ΩDMh2 <∼ 0.3,
on the reli neutralino density omputation has been onsidered. Due to its relevane, the
WMAP narrow range 0.094 <∼ ΩDMh2 <∼ 0.129 has also been analyzed in detail.
Conerning the experimental onstraints, the lower bounds on the masses of SUSY partiles
and on the lightest Higgs have been implemented, as well as the experimental bounds on the
branhing ratio of the b→ sγ proess and on aSUSYµ . Note that we are using µ > 0. We will
not onsider in the alulation the opposite sign of µ beause this would produe a negative
ontribution for the gµ−2, and, as will be disussed below, we are mainly interested in positive
ontributions. Reall that the sign of the ontribution is basially given by µM2, and that
M , and therefore M2, an always be made positive after performing an U(1)R rotation. For
aSUSYµ , we have taken into aount the reent experimental result for the muon anomalous
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magneti moment [15℄, as well as the most reent theoretial evaluations of the standard
model ontributions [16℄. It is found that when e+e− data are used the experimental exess in
(gµ− 2) would onstrain a possible SUSY ontribution to be aSUSYµ = (27.1± 10)× 10−10 . At
2σ level this implies 7.1× 10−10 <∼ aSUSYµ <∼ 47.1× 10−10. It is worth notiing here that when
tau data are used a smaller disrepany with the experimental measurement is found. In order
not to exlude the latter possibility we will disuss the relevant value aSUSYµ = 7.1× 10−10.
On the other hand, the measurements of B → Xsγ deays at CLEO [17℄ and BELLE [18℄,
lead to bounds on the branhing ratio b → sγ. In partiular we impose on our omputation
2.33×10−4 ≤ BR(b→ sγ) ≤ 4.15×10−4, where the evaluation is arried out using the routine
provided by the program mirOMEGAs [19℄. This program is also used for our evaluation of
aSUSYµ and reli neutralino density.
3 The positrons in the Galaxy
3.1 The bakground
The onventional soures of osmi rays are believed to be supernovae and supernovae rem-
nants, pulsars, ompat objets in lose binary systems, and stellar winds. Observations of
synhrotron emission and γ−rays reveal the presene of energeti partiles in this objets, thus
testifying to eient aeleration proesses. Propagation in the interstellar medium hanges
the initial omposition and spetra of osmi ray speies due to the energy losses (ionization,
Coulomb sattering, bremsstrahlung, inverse Compton sattering, and synhrotron emission),
energy gain (diusive re-aeleration), and other proesses (i.e., diusion and onvetion by
the galati wind) [20℄. The destrution of primary nulei via spallation gives rise to seondary
nulei and isotopes whih are rare in nature (i.e., Li, Be, B), antiprotons, and pions (π±, π0)
that deay produing seondary e± and γ−rays. The abundane of stable (Li, Be, B, S, Ti,
V) and radioative (Be10, Al26, Cl36, Mn54) seondaries in osmi rays are used to derive
the diusion oeient and the halo size [21℄. The result of reent simulations agrees with
measurements of the lowenergy positron ux in the osmi rays [21℄. The tting funtions
for high energy positrons, primary eletrons, and seondary eletrons have been onstruted
[22℄,
Φprim
e−
(E) =
0.16E−1.1
1 + 11E0.9 + 3.2E2.15
(GeV−1cm−2s−1sr−1) , (3.5)
Φsece− (E) =
0.70E0.7
1 + 110E1.5 + 580E4.2
(GeV−1cm−2s−1sr−1) , (3.6)
Φsece+ (E) =
4.5E0.7
1 + 650E2.3 + 1500E4.2
(GeV−1cm−2s−1sr−1) . (3.7)
3.2 The propagation of a positron
Conerning the propagation of positrons, we will use the "diusion model" in whih the
random walk is desribed by the diusion equation,
∂
∂t
f(E, r) = K(E)∆f(E, r) +
∂
∂E
[b(E)f(E, r)] +Q(E, r) , (3.8)
6
where f(E, r) denotes the number density of partiles per unit of volume and energy and
Q(E, r) is the soure (positron injetion) term generated by neutralino annihilation. The ux
of positrons with high energy (E ≫ me) around the Sun is given by:
c
4π
f(E, r⊙) . (3.9)
Above a few GeV, positron energy losses are dominated by synhrotron radiation in the galati
elds and by inverse Compton sattering on stellar light and on CMB photons. The energy
loss rate b(E) depends on the positron energy E through :
b(E) =
E2
E0τE
, (3.10)
where we have set the energy referene E0 to 1 GeV and the typial energy loss time is
τE = 10
16
s. We have also assume that the spae diusion oeient K(E) is written on the
form
K(E) = K0
(
E
E0
)α
, (3.11)
where the diusion oeient at 1 GeV is K0 = 3 × 1027cm2s−1 with a spetral index of
α = 0.6 [22℄.
To solve Eq. (3.8) we make the hypothesis that the positron uxes oming from dark
matter annihilation are in equilibrium in the present universe i.e.,
∂
∂tf(E, r) = 0. Thus
Eq. (3.8) simplies into
K0ǫ
α∆f(ǫ, r) +
∂
∂ǫ
[
ǫ2
τE
f(ǫ, r)
]
+Q(ǫ, r) = 0 , (3.12)
where we have dened ǫ = E/E0.
Conerning the boundary ondition, we impose the "free esape" one. This means that the
positron density drops to zero on the surfae of the diusion zone. Moreover, we neglet the
positrons oming from outside our Galaxy. The diusion zone (Galaxy) will be parameterised
by a ylinder of half height L = 3 kp and radius R = 20 kp. We will see afterwards that
this boundary ondition does not aet too muh the result around the Sun.
We an see from Eq. (3.8) that the highenergy positrons mainly ome from a region
within few kp from the solar system. In fat, this depends mainly on the parameters K
and b appearing there. Indeed, positrons far from the Earth lose their energies during the
propagation, and onsequently they ontribute to the lowenergy part of the spetrum. Using
Eq. (3.8) we an easily approximate the distane in whih positrons travel without signiant
energy loss:
r ≈
√
K(E)E
b(E)
= 1.8× (E/1GeV)−0.2 kpc , (3.13)
whih gives r ∼ 1.8 kp for 1 GeV and r ∼ 0.72 kp for a 100 GeV positron. This implies
that the inuene of the dierent kinds of dark matter density proles on the positron uxes
is negligible (reall that all simulations give rise to the same kind of prole around the solar
system). Thus the astrophysial dependene of the indiret detetion of dark matter through
positrons, instead of being similar to the ase of the indiret detetion through gammarays,
looks more like the ase of the diret detetion of dark matter.
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Figure 2: The positron ux from neutralino annihilation in the nonuniversal 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µ = 0, m = 1 TeV, M = 1 TeV (orresponding to a neutralino mass mχ = 401) as a fun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before (dashedline) and after (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To solve Eq. (3.12) we use the treatment given in Ref. [23℄, where the solution is expressed
with the Green funtion G as 1:
f(ǫ, r) =
∫ ǫs=+∞
ǫs=ǫ
dǫs
∫
d3rs G(ǫ, ǫs, r, rs) Q(ǫs, rs) , (3.14)
with
G(ǫ, ǫs, r, rs) =
1− α
4πK0τE(ǫα−1 − ǫα−1s )
× exp
[ −ρ2(1− α)
4K0τE(ǫα−1 − ǫα−1s )
]
× V (ǫ, ǫs, z, zs) , (3.15)
and
r =
[
x2 + y2 + z2
]1/2
, ρ =
[
(x− xs)2 + (y − ys)2
]1/2
. (3.16)
The expression for V (ǫ, ǫs, z, zs) is obtained using the original method of "eletrial images"
rstly introdued by Blatz and Edsjo [22℄
V (ǫ, ǫs, z, zs) =
+∞∑
n=1
1
L
{exp
[
−λnτE(ǫ
α−1 − ǫα−1s )
1− α
]
φn(zs)φn(z)
+ exp
[
−λ
′
nτE(ǫ
α−1 − ǫα−1s )
1− α
]
φ′n(zs)φ
′
n(z)} , (3.17)
where λn = K0 × (n − 1/2) πL , λ′n = K0 × n πL , and φn(z) = sin kn(L− |z|), φ′n(z) =
sin k′n(L− z), with kn = 1/L(n − 1/2)π, k′n = 1/Lnπ. We have heked that (as was al-
ready notied in [23℄) usually just a few eigenfuntions φn, φ
′
n, need to be onsidered for the
sum in Eq. (3.17) to onverge. We illustrate the eet of the propagation on the spetrum in
Fig. 2. Clearly, this is softened after the propagation through the interstellar medium.
3.3 The boost fator
Reently, many works based on N-body simulations disussed the eet of large inhomogeneity
(lumps) in the galati halo. In partiular, it has been shown that dark matter annihilation
1
An interesting alternative to solve the propagation equation is given in [24℄.
8
10−4
10−6
10−2
E 
   
  p
os
itr
on
 fl
ux
 (m
   s
r  
 s 
   G
eV
)
2 X
−
1
−
1
−
2
tan   = 35 ; (m, M)= (1 TeV, 1 TeV) ; M  = 0.5 M  β 2
χ  = 370
χ  = 1070
E     (GeV)
Isothermal
e+
0.1 1 10 100
red
2
red
2
Moore et al. compressed
Figure 3: Positron ux dependene on the dark matter halo prole. A nonuspy isothermal prole (ontinuous
line) and the very uspy Moore et al. prole with adiabati ompression (dashed line) are shown. Blak upper
urves show the bakground, and the signal plus bakground.
and detetion rates may be largely enhaned around the solar system [25, 26, 23℄. The eet
is parameterised by a multipliative fator, the so-alled boost fator (BF ), whih is dened
by the ratio of the signal uxes with inhomogeneity and without inhomogeneity,
BF =
∫
V d
3xρ2clumpy∫
V d
3xρ2smooth
≃
∫
V d
3xρ2clumpy
ρ20V
, (3.18)
where the region of integration is taken to be V ∼ (a few kpc)3 around the solar system.
Obviously, the boost fator is one only when the density ρ is onstant, otherwise it is always
larger than one. Clustering senarios suggest a boost fator of ∼ 2− 52.
3.4 Prole dependene
We show in Fig. 3 the inuene of the dark matter distribution on the positron uxes measured
on the Earth. We have alulated the positron ux in two extreme distributions around the
galati enter: a nondivergent isothermal prole and a uspy one (Moore et al. prole with
adiabati ompression [12℄). Our numerial result learly agrees with the approximated result
disussed in Eq. (3.13), onrming that most of the positrons observed would be produed
in the viinity of the solar system. We remark also that a Moore et al. ompressed prole
aets mainly the lowenergy positrons in the spetrum. Indeed, a more uspy prole will
enhane the ux of positrons oming from the galati enter, i.e. far away from the solar
neighborhood. They will lose onsiderable amount of energy during their propagation. As a
onsequene, suh annihilation proess will ontribute to the lowenergy part of the positron
spetrum, as we an see in Fig. 3.
2
Let us remark however, that in a reent study a model where the boost fator depends on the energy has been
proposed [23℄. Although a detailed analysis of this possibility is lengthy, disussions with one of the authors of
Ref. [23℄ lead us to believe that, due to the harateristis of our positron spetrum, the results of our analysis
would not be ruially aeted.
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3.5 The PAMELA experiment
The PAMELA experiment has been launhed reently into spae. One of the PAMELA
primary goals is the measurement of the osmi positron spetrum up to 270 GeV [2℄. The
geometri aeptane in the standard trigger onguration is ∼ 20 cm2 sr. We onsider in our
analysis a three years mission and assume Gaussian statistis to determine the χ2.
Let us explain now how we an dene that a positron signal arriving from the galati halo
will be distinguished eetively as a "signal" from the point of view of an experiment. We will
mainly follow in this study the work by Lionetto, Morselli and Zdravkovi [27℄ and Hooper
and Silk [28℄. Let us all φsusy the signal, φbkg the bakground, and φtot = φsusy + φbkg the
total ux whih will be observed by PAMELA. We will divide our energy range between 1
to 500 GeV in 20 energy bins (N=20) logarithmially evenly spaed. For the disrimination
between the signal and the bakground, we alulate the redued χ2, χ2red:
χ2red =
1
N
N∑
n=0
(E2nφ
tot
n − E2nφbkgn )2
(σn)2
, (3.19)
where σn is the error, assuming Gaussian statisti, on the measured value of the ux multiplied
by E2n. For a "disovery signal", we request the ondition
3 χ2red > 1.
It is easy to hek that this σn, for a given En, an be expressed as :
σn =
√
E2n(E
2
nφ
tot)
AT
, (3.20)
where A is the geometrial fator or aeptane of the experiment mentioned above, and T
is the exposure time (3 years in our study). This means that a signal at one σ in one energy
bin En will give us N hits in the range N ±
√
N after T seonds (Gaussian law).
To illustrate the disussion we show in Fig. 4 the signal that we an expet for two
dierent points in the nonuniversal SUGRA parameter spae (in partiular for the ase
f) M2 = 0.5M in Eq. (2.4)). Let us remark that in addition to the propagation eets, as
positrons approah the solar system, their interations with the solar wind and magnetosphere
an beome important. These eets are alled solar modulation. Alternatively, if one assumes
that the eets of solar modulation are harge-sign independent, their impat an be removed
onsidering the ratio of positrons to positrons plus eletrons at a given energy rather than the
positron ux alone. This quantity, the so-alled positron fraction is often used to minimize
the unertainties assoiated with modelling the impat of solar modulation. As we an onvert
the uxes to positron frations by using uxes of bakground positrons and eletrons given
by the Eqs. (3.5)-(3.7), we an replae the number of events used in Eq. (3.19) with ratios
of positrons to positrons+eletrons to redue the eets of solar modulation in our results.
Beause there are substantially more eletrons than positrons observed, we an assume that
there are negligible errors assoiated with the eletron ux.
3
It is worth notiing here that χ2
red
> 1 does not really mean a 1σ disovery in our limit. To be oherent, the
important point is to ompare two experiments with the same riterion of disrimination. Thus χ2
red
> 1 will be
the riterion of omparison ommon to PAMELA and GLAST in our study.
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Figure 4: PAMELA expetations for positrons in the nonuniversal ase f) M2 = 0.5M with tanβ = 35, A = 0,
m = 1 TeV, M = 1 TeV (left) and m = 2 TeV M = 2 TeV (right), orresponding to a neutralino mass of mχ = 401
GeV and mχ = 820 GeV, respetively. The boost fator BF has been set to 5 in an isothermal prole. The error
bars shown are those projeted for the PAMELA experiment after 3 years of observation. The lower (blue) line is
the bakgroundonly predition. The redued χ2 is 312 in the rst ase giving a signal learly distinguishable from
the bakground whereas χ2
red is only 1.9 in the seond ase and gives a good t of the bakground.
a (kp) α β γ J¯(10−5sr)
NFW 20 1 3 1 1.264× 104
NFWc 20 0.8 2.7 1.45 1.205× 107
Moore et al. 28 1.5 3 1.5 5.531× 106
Moorec 28 0.8 2.7 1.65 5.262× 108
Table 1: NFW and Moore et al. density proles without and with adiabati ompression (NFWc
and Moorec respetively) with the orresponding parameters, and values of J¯(∆Ω).
4 The gammarays in the Galaxy
4.1 The ux
The spetrum of gammarays generated in dark matter annihilation and oming from a di-
retion forming an angle ψ with respet to the galati enter is
Φγ(Eγ , ψ) =
∑
i
dN iγ
dEγ
〈σiv〉 1
8πm2χ
∫
line of sight
ρ2 dl , (4.21)
where the disrete sum is over all dark matter annihilation hannels, dN iγ/dEγ is the dif-
ferential gammaray yield, 〈σiv〉 is the annihilation ross setion averaged over its veloity
distribution, and ρ is the dark matter density.
It is ustomary to rewrite Eq. (4.21) introduing the dimensionless quantity J (whih
depends only on the dark matter distribution):
J(ψ) =
1
8.5 kpc
(
1
0.3 GeV/cm3
)2 ∫
line of sight
ρ2(r(l, ψ)) dl . (4.22)
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After having averaged over a solid angle, ∆Ω, the gammaray ux an now be expressed as
Φγ(Eγ) = 0.94 × 10−13 cm−2 s−1 GeV−1 sr−1
×
∑
i
dN iγ
dEγ
( 〈σiv〉
10−29cm3s−1
)(
100 GeV
mχ
)2
J(∆Ω)∆Ω . (4.23)
The value of J(∆Ω)∆Ω depends ruially on the dark matter distribution. The dierent
proles that have been proposed in the literature an be parameterised as
ρ(r) =
ρ0[1 + (R0/a)
α](β−γ)/α
(r/R0)γ [1 + (r/a)α](β−γ)/α
, (4.24)
where ρ0 is the loal (solar neighborhood) halo density and a is a harateristi length. Al-
though we will use ρ0 = 0.3 GeV/m
3
throughout the paper, sine this is just a saling fator
in the analysis, modiations to its value an be straightforwardly taken into aount in the
results. Nbody simulations suggest a uspy inner region of dark matter halo with a distribu-
tion where γ generally lies in the range 1 (NFW prole [29℄) to 1.5 (Moore et al. prole [30℄)4,
produing a prole with a behaviour ρ(r) ∝ r−γ at small distanes. Over a solid angle of
10−5 sr, suh proles an lead to J(∆Ω) ∼ 104 to 107. Moreover, if we take into aount the
baryon distribution in the Galaxy, we an predit even more uspy proles with γ in the range
1.45 to 1.65 (J(∆Ω) ∼ 107−108) through the adiabati ompression proess (see the study of
Refs. [32, 12℄). We summarize the parameters used in our study and the values of J¯ for eah
prole in table 1. It is worth notiing here that we are negleting the eet of lumpiness, even
though other studies showed that, depending upon assumptions on the lumps distribution,
in priniple an enhaement of a fator 2 to 10 is possible [26℄. Thus our preditions below for
GLAST of the gamma-ray ux from the galati enter from dark matter pair annihilations,
are onservative in this respet.
4.2 The bakground
HESS [5℄ has reently measured the gammaray spetrum from the galati enter in the
range of energy ∼ [160 GeV10 TeV℄. The ollaboration laim that the data are tted by a
powerlaw F (E) = F0 E
−α
TeV, with a spetral index α = 2.21 ± 0.09 and F0 = (2.50 ± 0.21) ×
10−8 cm−2 s−1 TeV−1 The data were taken during the seond phase of the measurement
(JulyAugust, 2003) with a χ2 of 0.6 per degree of freedom. Beause of the onstant slope
powerlaw observed by HESS, it results possible but diult to oniliate suh a spetrum
with a signal from dark matter annihilation [12, 33℄. Indeed, nal partiles (quarks, leptons
or gauge bosons) produed through annihilations give rise to an spetrum with a ontinuously
hanging slope. Several astrophysial models have been proposed in order to math the HESS
data [34℄. In the present study we onsider the astrophysial bakground for gammaray
detetion as the one extrapolated from the HESS data with a ontinuous powerlaw over
the energy range of interest (≈ 1  300 GeV). As was reently underlined in [7℄, GLAST
sensitivity is aeted by the presene of suh an astrophysial soure. Note that neutralino
masses obtained in our parameter spae . 1 TeV avoid any onit with the observations of
HESS.
In addition, we have also taken into aount the EGRET data [4℄ in our bakground at
energies below 10 GeV, as they an aet the sensitivity of the analysis. Indeed, the extrapo-
lation of the gammaray uxes measured by HESS down to energies as low as 1 GeV is likely
4
For a dierent viewpoint favoring ored distributions, see Ref. [31℄.
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Figure 5: GLAST expetations for gammaray uxes in the nonuniversal ase f) M2 = 0.5M with tanβ = 35,
A = 0, m = 500 GeV, M = 500 GeV (left) and m = 2 TeV M = 2 TeV (right), orresponding to a neutralino mass
of mχ = 185.4 GeV and 820 GeV, respetively. A NFW prole is used in both ases. The error bars shown are those
projeted for the GLAST experiment after 3 years of observation. The lower (blue) line is the bakgroundonly
predition. The redued χ2 is 134 in the rst ase giving a signal learly distinguishable from the bakground,
whereas it is only 0.02 in the seond ase and gives a very good t of the bakground.
to be an underestimation of the gammaray bakground in the galati enter, as EGRET
measurements are one to two orders of magnitude higher than the HESS extrapolation. We
have deided then to take as our bakground an interpolation between the HESS extrapola-
tion and the EGRET data below 10 GeV to stay as onservative as possible in evaluating the
gammaray bakground.
4.3 The GLAST experiment
The spaebased gammaray telesope GLAST [8℄ is sheduled for launh in 2007 for a ve
years mission. It will perform an all-sky survey overing a large energy range (≈ 1  300 GeV).
With an eetive area and angular resolution on the order of 104 cm2 and 0.1o (∆Ω ∼ 10−5
sr) respetively, GLAST will be able to point and analyze the inner enter of the Milky Way
(∼ 7 p).
In Fig. 5 we show the ability of GLAST to identify a signal from dark matter annihilation
in the nonuniversal ase f) M2 = 0.5M with tan β = 35 for (m = 500 GeV, M = 500 GeV)
and (m = 2 TeV,M = 2 TeV) giving a neutralino mass of 185.4 GeV and 820 GeV respetively.
Conerning the requested ondition on the χ2red for a signal disovery, we have used an analysis
similar to the one onsidered in the ase of positron detetion with the PAMELA experiment
in setion 3.5, with a three years mission run. The error bars shown are projeted assuming
Gaussian statisti, and we adopt a powerlaw bakground extrapolated from the HESS data.
We nd that with a χ2red of 134, GLAST would potentially be able to detet dark matter
annihilation radiation from a neutralino of mass 185.4 GeV, whereas with a χ2red of 0.02, a
signal oming from a neutralino of mass 820 GeV will be below its sensitivity.
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5 Disussion
We have plotted in Fig. 6 the isoontour χ2red = 1 for PAMELA and GLAST, eah after three
years of observations, in the six ases of Eq. (2.4), and in the SUGRA parameter spae (m, M)
for tan β = 35, A = 0 and µ > 0. We have alulated it for boost fators between 1 and 104,
and three typial halo proles, isothermal (ISO), NFW, and NFW with adiabati ompression
(NFWc). We have taken into aount in the omputation the astrophysial and experimental
onstraints disussed in setion 2.2. In partiular, the brown-dark region is exluded by the
experimental onstraints and the stau as the lightest SUSY partile. The region to the right
of the blak dashed line orresponds to aSUSYµ < 7.1× 10−10, and would be exluded by e+e−
data. The region between thik and thin solid ontours fulls 0.1 ≤ Ωχ˜01h
2 ≤ 0.3 (the thik
ontour indiates the WMAP range 0.094 < Ωχ˜01h
2 < 0.129). Notie however that we did not
resale the uxes aording to the osmologial abundane, sine this proedure would aet
photon and positron in the same way and our work fouses on the omparison between the
two kinds of detetion. As usually disussed in the literature, for points with reli density
away from WMAP values, senarios with non-thermal prodution or dilution an be invoked
to aomodate the abundane of neutralinos.
We learly see in the gure that the parameter spae of mSUGRA will be reahable only
in astrophysial senarios where the halo prole is very uspy, like NFWc (reall that this
prole is also very similar to a Moore et al. prole without ompression), or very lumpy with
BF & 100. Notie in this sense that for a given BF (halo prole), the region to the right of
that blue-dashed (red-dotted) line will orrespond to χ2red < 1, and therefore no observation.
These results are in aordane with a similar study made in the framework of mSUGRA
for the antiproton detetion [27℄. In ase b), nonuniversality in mH2 (δ2 > 0) inrease the
Higgsino fration of the neutralino: the annihilation proess through Z exhange is enhaned,
permitting observations in NFWtype proles or BF ∼ 10. Cases ) and d) are similar in the
sense that the non-universality for mH1 (δ1 < 0) open a broad region of A−pole, inreasing
the gamma ray and positron uxes through χχ
A−→ ff , favored in high tanβ regimes. Proles
even less uspy than NFW and boost fator . 10 ould be suient for an observation by
GLAST or PAMELA. The phenomenon is even more spetaular in ase e) where the non
universality in the gluino setor, M3 (δ
′
3 < 0), ats on µ and mA through the RGEs. As
a onsequene, the A−pole region is broader and allows observations even for BF ∼ 1. In
ase f), the neutralino in mainly Wino and then annihilation to positrons is favored (through
W± nal states). In this senario, a lumpy prole with a boost fator of about 1 would be
omparable with a uspy NFW prole. Unfortunatly, the amount of reli density in either
ases is not suient to aount for the WMAP results. As a onlusion, we an say that
generially, GLAST and PAMELA will have similar disovery prospets for a NFW prole
and BF ∼ 10, or for a NFWc prole and BF ∼ 1000. Obviously, a boost fator as large as
the latter is unrealisti, and in the ase of halo models with adiabati ompression PAMELA
annot really be ompetitive with GLAST.
6 Conlusions
We have studied the indiret detetion of neutralino dark matter using positrons and gamma
rays from its annihilation in the galati halo. Considering the HESS data as the spetrum
onstituting the gammaray bakground, we have ompared the prospets for the experiments
GLAST and PAMELA in a general SUGRA framework with nonuniversal soft gaugino and
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Figure 6: The isoontour χ2red = 1 for PAMELA (bluedashed lines) and GLAST (reddotted lines) for dierent
kinds of halo proles and boost fators, eah after three years of observations, for tanβ = 35, A0 = 0 and sign(µ)
> 0.
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salar masses. We have shown that with a lumpiness (boost) fator of about 10, PAMELA
will be ompetitive with GLAST for a typial NFW uspy prole. However, for the ase of a
NFW ompressed prole, PAMELA annot be ompetitive with GLAST sine an unrealisti
lumpiness fator of about 1000 would be neessary. For the future, it would be interesting
to ompile all the detetion modes (antiproton, deuteron, positron and gamma rays) in order
to arry out a omplete analysis of the parameter spae in a general SUGRA framework [9℄.
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